Abstract: Osmanthus is an important gardening plant, but determination of germplasm resources, number of species and bipship among species of Osmanthus are still not clear. In this article, genetic diversity of Osmanthus was first studied by ISSR molecular marker. Based on 20 primers screened from 74 primers, 361 bands were obtained from 17 species, and 95.29 % bands were polymorphic. Furthermore, it was found that the genetic distance between O. attenuatus and O. heterophyllus was the highest (0.5559), and was the lowest (0.2351) between O. ×fortunei and O. heterophyllus. As shown in the dendrogram obtained by UPGMA method, 17 species of Osmanthus could be divided into group I and group II, the group I was composed of O. matsumuraanus, O. americanus, O. yunnanensis and O. attenuatus, and the other species belonged to the group II that was further divided into two subgroups apparently, which were not consistent with the classic classification system, but mostly similar with traditional viewpoint about bipship among species. Therefore, it was feasible and effective to study genetic diversity among species of Osmanthus by ISSR molecular marker.
Introduction
Since restriction fragment length polymorphism (RFLP) marker was put forward by Grodzicker in 1974, the technology of DNA molecular marker has been developed considerably and many kinds of molecular markers are applied presently. The inter-simple sequence repeat (ISSR) is a sort of fast and reliable DNA molecular marker with abundant information, and is one feasible method to research sibship, genetic diversity and individual differences (Fernandez et al. 2002; Zhang et al. 2006) . Recently, studies on genetic diversity and sibship of plants by ISSR molecular marker are becoming more and more common, such as research about sibship between Cryptomeria japonica and Pseudotsuga menziesii (Tsumura et al. 1996) , genetic diversity and hereditary constitution of four class groups in Haloxylon ammodendron (Sheng & Zheng 2004) , genetic diversity and sibship of soya beans (Jin et al. 2003; , and the evolution relation among species of Aegilops crassa ( Gong et al. 2006) . This indicates that ISSR molecular marker could be successfully applied to identify sibship and research systemic classification among species in genus.
Osmanthus belongs to Oleaceae in Dicotyledoneae, and most of them have high economic value. According to traits of anthotaxy and flowers, species of Osmanthus were classified into four groups by Green, Sect. Leiolea, Sect. Osmanthus, Sect. Siphosmanthus and Sect. Linocieroides (Green 1985) , which is one universally accepted opinion on classification of Osmanthus in the respect of morphologic research. At present, research about Osmanthus has mostly focused on O. fragrans (Liu et al. 2004; Qiu et al. 2004 ). Based on blossoming time, colour of flower, and development of ovary, the complicated species of O. fragrans were firstly identified by identification key (Liu, 1985) , and then using the same method, a classification appraisal to over 150 species of O. fragrans was performed (Xiang et al. 2002) . Furthermore, on the molecular level, the genetic diversity and species identification of O. fragrans were studied with DNA molecular marker (Zhao & Yao 1999; Liu et al. 2004; Qiu et al. 2004) , which laid foundations for the research of Osmanthus. Presently, studies on other species of Osmanthus are very scarce, systemic classification of Osmanthus is researched even less. The traditional morphometric characteristics were still adopted in the numerable studies about classification of Osmanthus, (Ji et al. 2004; Xu et al. 2005 ) whereas the molecular methods, especially ISSR molecular marker have not been used. In order to correctly identify the species of Osmanthus and to overcome the shortcomings of traditional methods, the ISSR molecular marker was applied to analyse the genetic diversity and sibship among 17 species of Osmanthus, which would provide basic information for protection, and systematic classification of Osmanthus.
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Material and methods

Plant materials
Seventeen species of Osmanthus listed in Table 1 were analysed, and fresh leaves of Osmanthus were collected and quickly dried in silica gel, and then stored at −80
Genomic DNA extraction Total genomic DNA was isolated from fresh leaves of Osmanthus plants using CTAB (cetyltriethyl ammonium bromide) extraction procedure as described previously (Ausubel et al. 1987 ) with modifications. Yield and purity of genomic DNA was estimated by spectrophotometry at 260 nm, and the integrity of genomic DNA was determined by 0.8% agarose gel electrophoresis. • C. PCR products were separated with 1.5% agarose gel electrophoresis at 5 V cm −1 and stained with ethidium bromide. The gels were visualized and photographed under UV light. The molecular size of fragments was estimated by reference to a DNA ladder. In addition, every reaction was repeated three times.
The optimisation of ISSR-PCR reaction system
Different elements in ISSR-PCR amplification were summarised in Table 2 , for example, concentration of template DNA, MgCl2, Primer, dNTP and Taq DNA polymerase was optimised to establish proper reaction system. Every PCR reaction volume was 25 µL, which contained 1 × Taq DNA polymerase buffer (10 mmol/L Tris-HCl, 50mmol/L KCl, 0. 1% Trion X-100, pH 9.0).
In addition, 74 primers were synthesised by Nanjing Sunshine Biotechnology Co., Ltd., China, and screened according to the DNA template of O. fragrans.
Data analysis
The banding patterns were analysed to estimate genetic relationships among 17 species of Osmanthus by ISSR markers. In the experiment, the smeared and weak bands were excluded; only distinct bands were considered. The ISSR bands were interpreted as dominant markers and were scored as diallelic characters either as 1 (present) or 2 (absent) to establish data matrix which was analysed by TF-PGA to estimate the similarity matrix based on the Jaccard coefficient. Data from the similarity matrix were analysed by the unweighted pair-group method using an arithmetic averages (UPGMA) dendrogram.
Results
Optimisation of ISSR-PCR reaction system
In this study, effects of different elements on ISSR-PCR productions were studied, such as DNA template, Mg 2+ , primer, dNTP and Taq DNA Polymerase, etc. When the concentration of DNA template ranged from Genetic relationships of Osmanthus 20 ng to 200 ng, the amplification bands were similarly generated, so the effects of the concentration of DNA template were insignificant (Fig. 1a) . On the contrary, the concentration of Mg 2+ had significant effects on amplification. When the concentration of Mg 2+ has increased, the preciseness of ISSR amplification has reduced (Fig.1b) , and the bands were intensive and distinct when Mg 2+ was 2.0 mmol/L which was an ideal concentration. In the experiment, the number and distinction of bands were both satisfactory comparatively when the concentration of the primer was 0.4 µmol L −1 (Fig. 1c) . As shown in Fig. 1d , effects of dNTP on PCR production were great. When the concentration of dNTP was low, non-specific bands were more numerous and faint, but as the concentration of dNTP increased, the bands were extremely few and weak. When the concentration of dNTP was 200 µmol L −1 , the amplified bands were clear and more numerous and therefore used in this study. In addition, effects of Taq DNA Polymerase on ISSR amplified bands has been shown in Fig.1e , indicating that when Taq DNA Polymerase ranged from 0.5 U to 2.5 U in 25 µL reaction system, the bands changed hardly, yet when the dosage of Taq DNA Polymerase was 0.5 U and 1.0 U, the bands were clearer.
Analysis of ISSR polymorphism
In this study, O. fragrans from Zhongshan Botanical Garden of Nanjing, Botanical Garden of Hangzhou and Botanical Garden of Wuhan in China was firstly used as material to screen ISSR primers. From 74 primers tested, 20 primers could produce clear, reproducible and polymorphic fragments were selected for further analysis (Table 3) .
Amplified DNA fragments ranged from 150 bp to 2000 bp, and ISSR amplification results of 17 species in Osmanthus using primers ISSR1, ISSR3, ISSR9 and ISSR35 were respectively shown in Fig. 2 . As shown in Table 3 , there were 361 bands obtained from 17 species of Osmanthus with 20 primers. However, the number of bands was different according to every primer and ranged from 11 (ISSR49 primer) to 21 (ISSR3 primer). On average, 18.05 bands could be amplified per primer. Among 17 species of Osmanthus, 344 out of 361 (95.29 %) bands were polymorphic, with an average of 17.20 polymorphic bands per primer in 17 species.
Genetic relationships of Osmanthus
In this experiment, the genetic distance and genetic identity among 17 species of Osmanthus could be calculated with TFPGA. As shown in Table 4 2802. In addition, the higher the genetic distance, the lower the genetic identity, for example, the genetic distance between O. attenuatus and O. heterophyllus was 0.5559, and the genetic identity was 0.5736 which was the lowest in Table 4 . The lower the genetic distance, the higher the genetic identity, for example, the genetic distance between O. heterophyllus and O. ×fortunei was 0.2351, and the genetic identity was 0.7905 which was the highest in Table 4 .
Based on results of genetic distance and genetic identity, the dendrogram among 17 species of Osmanthus was obtained with UPGMA. As shown in Fig. 3 In addition the group II could also be separated into two subgroups, O. serrulatus and O. delavayi belonged to one subgroup, and the others were clustered in the second subgroup.
Discussion
ISSR molecular marker could offer more information of genome (Zietkiewicz et al. 1994) , and presently has been widely applied to identification of species, gene mapping, genetic diversity, especially the identification of sibship ) and systematic classification among species (Fang et al. 1998) . In this article, the genetic diversity and sibship of Osmanthus was explored by ISSR molecular marker in order to clarify and correct problems in systematic classification of Osmanthus, and provide reference data for protection of the species resource of Osmanthus.
In this experiment, the 20 primers used all showed high polymorphism for 17 species of Osmanthus, which could be absolutely distinguished with any primer, and the same conclusion was obtained for other genera (Huang & Sun 2000) . For example, the bands amplified with primers ISSR1, ISSR3, ISSR9, ISSR43, ISSR44, ISSR52, ISSR56, ISSR58 and ISSR61 were all polymorphic. The proportion of polymorphism bands amplified with the other 10 primers apart from ISSR47 was mostly above 90.00%, suggesting that genome of Osmanthus takes on abundant genetic diversity among species. Furthermore, the proportion of polymorphism bands in species of Osmanthus is obviously higher than that in cultivars of O. fragrans, which was 87.8 % in 54 cultivars of O. fragrans . Therefore, the difference between species of Osmanthus is more than that of cultivar, which reveals that ISSR molecular marker can be used in classification of Osmanthus, and also successfully applied in other genera, such as, genetic diversity and sibship of Ipomoea plants (Huang & Sun 2000) , sibship of cultivated and wild rice (He et al. 2001) , and genetic diversity analysis of Ginkgo biloba L. population (Ge et al. 2003) , and so on. In this research, according to UPGMA clustering result, 17 species of Osmanthus were divided into two groups, the first group consists of O. matsumuraanus, O. americanus, O. yunnanensis and O. attenuatus, further O. matsumuraanus and O. americanus were clustered together, which was consistent with the classic classification system of Osmanthus (Green 1985) . However, O. yunnanensis and O. attenuatus in Sect. Osmanthus were clustered together with O. matsumuraanus and O. americanus, which was different from the classic classification. Furthermore, O. marginatus in Sect. Leiolea and O. delavayi in Sect. Siphosmanthus were clustered together with the other 11 species, O. delavayi and O. serrulatus were clustered to the same subgroup while O. marginatus was clustered together with other 7 species, which is inconsistent with classic classifica-tion. Obviously, although Green's classification viewpoint on Osmanthus has been extensively accepted, it was drawn from herbarium specimens, and it requires further validation and improvement based on studies on the molecular level.
In addition, although the clustering results based on ISSR marker were not consistent with the traditional viewpoint of classification in many regards, the sibship among some species of Osmanthus in the UP-GMA dendrogram is in accordance with the traditional viewpoint. Except for O. serrulatus and O. attenuatus, the other 10 species in Sect. Osmanthus were clustered in one group. Moreover, according to the traditional viewpoint, the sibship between O. fordii and O. fragrans is the closest. O. ×fortunei is a natural hybrid of O. fragrans and O. heterophyllus, O. venosus should belong to Sect. Osmanthus, and so on, which were all supported in the UPGMA dendrogram and even confirmed on the molecular level. Especially, the sibship between O. ×fortunei and O. heterophyllus is the closest, and they were firstly clustered together. Although O. fragrans was not clustered together with O. ×fortunei and O. heterophyllus, they were clustered in the same subgroup, which also indicates that they have very close sibship. Furthermore, the close sibship between O. americanus and O. matsumuraanus in Sect. Leiolea is also backed up on the molecular level. The other traditional opinions were also supported in the UPGMA dendrogram, for instance, the sibships between O. henryi and O. serrulatus, O. fordii and O. fragrans, O. armatus and O. serrulatus, O. armatus and O. reticulatus are close. Moreover, O. serrulatus in Sect. Osmanthus was clustered with O. delavayi, O. attenuatus and O. yunnanensis in Sect. Osmanthus were clustered with O. americanus and O. matsumuraanus, which indicates that they may have close sibship on the molecular level, but the different environment might lead to big differences in the morphologic traits.
In conclusion, the clustering result according to ISSR marker in the research was inconsistent somewhat with the traditional classification, but also supported and confirmed some opinions of traditional classification. Accordingly, it is effective and feasible to research sibship and genetic diversity of Osmanthus with ISSR marker, and combining it with the traditional classification could further reveal the scientific taxonomy position of Osmanthus and establish a more scientific classification system for Osmanthus.
